Introduction
Space charge limited (SCL) electron flow describes the maximum current density allowed for steady-state electron beam transport across a diode. It is central to the development of high current diodes, high power microwave sources, vacuum microelectronics and sheath physics in plasma processing. For the one-dimensional (1D) planar gap with gap spacing D and voltage V g , it is known as the 1D Child-Langmuir (CL) law, given by 
where e and m are, respectively, the charge and mass of the electron, and ε 0 is the permittivity of free space. For a cylindrical or spherical diode, the corresponding SCL current density follows the Langmuir-Blodgett (LB) law,
where β is a function of R a /R c , which is tabulated numerically for cylindrical [1] and spherical [2] diode. Here, R a and R c are the radius of anode and cathode, respectively. While the CL law (1) could be recovered rather simply and accurately using the capacitance or transit time model [3] , we are not aware of any such successful attempt on the LB law [4] . This paper partially fills this void.
Scaling laws
Specifically, we propose that over a fairly wide range of R c /R a , the SCL current density for both cylindrical and spherical diodes may be approximated by [5] 3/ 2 0 4 2 , cylindrical or spherical 9
where E c is the surface electric field on the cathode of the vacuum diode and D is the anode-cathode spacing. It is clear that Eq. (3) becomes Eq. (1) for a planar gap for which E c = V g /D. Equation (3) is accurate to within 30% of the LB law, Eq. (2), for R a /R c = 0.002 to 20 whether the diode is cylindrical or spherical. This is far more accurate than the transit time model [3] as applied to the cylindrical and spherical diodes (Fig. 1) . Before we give a physical interpretation of Eq. 
where the correction factor F is an algebraic expression that depends on the ratio of R c /R a [5] . Figure 1 shows that Eq. (4) is accurate to within 2.5% of the LB law, Eq. (2), for 0.002 < R a /R c < 30000. Similar conclusions are reached for the spherical diode [5] . Note that J LB changes over many orders of magnitude in this range of R a /R c in which Eq. (4) remains accurate (Fig. 1) .
To derive Eq. (3), consider a sheet of charge leaving the cathode of a vacuum diode [6] . If all the bound charge on the cathode leaves then naturally the electric field directly in front of the cathode becomes zero to reach the SCL condition. This charge sheet will then be accelerated by the vacuum field closed to the cathode initially. Applying the transit time argument to this charge sheet [6] , we note that the major portion of the transit time is spent in the immediate neighborhood of the cathode surface, where the electrostatic potential may be approximated by
Using this potential, the approximate transit time becomes Symbols represent the approximate expressions: squares for the transit time model [3] ; crosses for Eq. (3); and circles for Eq. (4). Also plotted is the error in the approximate transit time model [3] , formulas (3), and (4) compared with the Langmuir-Blodgett law, Eq. (2).
